A dinitrophenol (DNP)-stimulated adenosine triphosphatase (ATPase) has been found in both the soluble and particulate fractions of the anaerobic sulfate-reducing bacterium, Desulfovibrio gigas. As the soluble ATPase was labile to storage, only the particulate enzyme was studied in detail. It was optimally stimulated by DNP at 4 mM, and activity was insensitive to inhibition by ouabain. The ATPase was stimulated by both Ca2" and Mg2+, but the magnitude of the stimulation was dependent upon pH. In the presence of Ca2+ the optimum pH was 6.5, whereas, in the presence of Mg2+ the pH optimum was 8.0. However, under optimal conditions the activity was the same with either Mg2+ or Ca2+. Both adenosine triphosphate and guanosine triphosphate were hydrolyzed, but activity toward guanosine triphosphate was only one-tenth that observed with adenosine triphosphate.
Since the initial observation of Loomis and Lipmann (25) , 2,4-dinitrophenol (DNP) has been routinely employed as an inhibitor of oxidative phosphorylation in a variety of plant, animal, and bacterial systems. In addition to uncoupling oxidative phosphorylation, DNP generally stimulates adenosine triphosphatase (ATPase) activity, and it is postulated to interfere with one of the steps in the transfer of phosphate to adenosine diphosphate (ADP). These DNP-stimulated ATPase activities have been associated with coupling-factor activity for both oxidative phosphorylation and photophosphorylation and studied extensively in mammalian (26, 29, 32) and plant systems (13, 36) . Association of ATPase activity with oxidative phosphorylation and photophosphorylation in bacterial extracts is well documented (4, 11, 19, 20) , but DNP stimulation of ATPase activity is usually observed only in systems capable of photophosphorylation (5, 17, 18 Ga. 30601. been reported to have no effect on phosphorylation or to inhibit electron transfer (2, 11, 12, 21, 30, 35) .
ATPase activities implicated in oxidative phosphorylation from widely differing sources possess certain common characteristics which distinguish them from the ATPase activities implicated in active transport. Activity is stimulated by either or both Ca2`and Mg2" (27) ; it is insensitive to inhibition by ouabain and is usually not stimulated by monovalent cations (3, 9) . These ATPase activities, indicative of coupling factors, typically exhibit lower activity in bacterial systems than in mitochondrial extracts, and it has been suggested that this lower ATPase activity is an inherent property of bacterial systems owing to a low velocity of the terminal partial reaction (21 
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The phosphorylation is uncoupled by DNP, pentachlorophenol, and gramicidin but is insensitive to oligomycin.
In this paper, we report a DNP-stimulated ATPase' activity which is probably associated with this "anaerobic" oxidative phosphorylation.
MATERIALS AND METHODS Stock cultures of D. gigas (22) were grown at 37 C on Le Gall's medium (23) Reactions were incubated at 37 C for 10 min and were stopped by the addition of 1.0 ml of 10% trichloroacetic acid. The reaction mixtures were clarified by centrifugation and inorganic phosphate was determined by the method of Fiske and SubbaRow (14) . For pH values below 7.0, Tris-maleate rather than Tris-hydrochloride was used as buffer.
Nucleotides were identified by ascending chromatography on Whatman no. 2 paper with the n-butanolammonia-water (6:3: 1, v/v/v). They were revealed by ultraviolet quenching and compared with standards of ATP, ADP, and adenosine monophosphate (AMP). PEP and PEP kinase were obtained from Sigma Chemical Co. The solutions of ATP, guanosine 5'-triphosphate (GTP), uridine 5'-triphosphate (UTP), and inosine 5'-triphosphate (ITP) were adjusted to pH 6.9 with 0.1 N NaOH. Protein was estimated by using a biuret method (24) with bovine serum albumin as a standard.
RESULTS
ATPase activity was found in both the soluble protein and particulate fraction of D. gigas (Table 1); however, its specific activity was considerably higher in the particulate fraction. Individual additions of Ca2+ or DNP did not stimulate ATPase activity, but in the presence of both Ca2+ and DNP there was a significant stimulation of ATPase activity in both fractions. Ca2+ could be replaced by Mg2+, but the effect was dependent upon pH, as will be discussed later. Other uncoupling agents which are commonly used did not replace DNP. The extent of DNP stimulation in both the soluble and particulate fractions was routinely found to be about 20 to 30% above the basal levels of activity.
The basal and DNP-stimulated ATPase activities were insensitive to ouabain both at pH 6.5 with Ca2+ and at pH 8.0 with Mg2+. As ouabain typically inhibits the Na+-and K+-stimulated ATPase located on membranes and implicated in active transport, the failure to observe significant inhibition of endogenous ATPase in the particulate fraction, probably composed of membrane fragments, was surprising. However, other investigators have reported an ouabain-insensitive ATPase which is stimulated by Na+ and K+ ions and thus may be involved in active transport (15) .
ATPase activity has been reported in two strains of D. vulgaris, Berre, S. and Hildenborough (37) . The localization, quantification, and properties of this activity were not reported, and the effect of DNP was not detailed. In D. gigas, the soluble DNP-stimulated ATPase activity may result from a partial solubilization of the particle-bound activity during disruption of the cells; however, it has not been possible to directly solubilize the activity from the particulate frac- The effect of protein concentration on ATPase activitiy in the presence and absence of DNP is shown in Fig. 2 . PEP and PEP kinase were included in all reaction mixtures to regenerate ATP from the product of the reaction, ADP. In the absence of this regenerating system, a linear relationship between activity and protein can be observed only at low enzyme concentrations.
Similar results have been reported for the DNPstimulated ATPase from mammalian mitochondria (31) and are due to the inhibition of ATPase by ADP and the rapid limitation of ATP in the absence of this regenerating system.
The nucleotides produced by the ATPase of D. gigas with various supplements were analyzed by paper chromatography. In the absence of the PEP-PEP kinase system, the main product was ADP, but a small amount of AMP was detected. Appearance of AMP was correlated with pyrophosphate formation and probably indicates the presence of an ATP pyrophosphatase or a trace ATP sulfurylase (1). In the presence of the ATP generating system, ATP was found along with small amounts of ADP and AMP. Identical re- The activity of the ATPase toward several nucleoside triphosphates in the absence of PEP and PEP kinase is shown in Table 2 . GTP and ATP are hydrolyzed by this ATPase preparation, but the level of basal activity is only about one-tenth of that observed with ATP. No activity was observed with either ITP or UTP. The hydrolysis of GTP is also stimulated by DNP and, although the net amount of Pi liberated in the presence of DNP is less than that observed with ATP, it amounted to a 100% stimulation of the basal level of activity.
The extracts from which the particulate fraction was isolated contain high levels of the enzymes involved in the metabolism of sulfate (1) , namely, ATP sulfurylase, ADP sulfurylase, and inorganic pyrophosphatase. These three enzymes have the combined potential for catalyzing the hydrolysis of ATP to AMP and orthophosphate and could serve as a major source of the observed ATPase activity. Direct assay of ATP sulfurylase is extremely difficult in crude extracts (6) ; however, the effect of PEP and PEP kinase, the identification of ADP as the product of the reaction, the nucleotide specificity (1), and activation by Ca2+ (33) make it unlikely that the sulfate-activating enzymes contribute significantly to the ATPase of the particulate fraction.
The stimulation of ATPase above the basal level as a function of the concentration of DNP is shown in Fig. 3 . The hydrolysis of ATP was stimulated optimally by 4 mM DNP. This value is similar to the concentration of DNP required for maximal activity of the DNP-stimulated ATPase reported in photosynthetic bacteria (18) but is about 10-fold higher than that required for optimal stimulation of mitochondrial systems (31) . As has been reported for other DNP-stimulated ATPases, increases in the concentration of DNP above the optimal value result in partial inhibition of DNP-stimulated ATPase activity (18, 31) . The specific activity of the ATPase from D. gigas is approximately the same as both the DNP-stimulated ATPases from photosynthetic bacteria (10) and the ATPases from aerobic bacteria, which are not stimulated by DNP but are suggested to be involved in oxidative phosphorylation (11, 19, 20) . In general, the specific activities of ATPases from mitochondrial preparations are at least 10-fold higher than comparable activities in bacterial systems. The extent of stimulation by DNP of the ATPase (12, 19, 21) . In cases in which ATPase activity is not stimulated by DNP, this activity has been implicated in oxidative phosphorylation only by the demonstration that protein fractions exhibiting coupling factor activity still retain some ATPase activity (4, 20) . In general, differences in the effect of DNP, requirement for Ca'+ or Mg2+, and specific activity of ATPase observed in various systems may not be indicative of major basic differences in coupling factors, as coupling factors can be interchanged among aerobic bacteria (12) and between beef heart mitochondria and yeast (34) or aerobic bacteria (8) . In a single system, interpretation of the significance of ATPase activity can be complicated by multiple activities (20, 36) , binding to particulate components (20) , and modifications of the coupling-factor protein (16, 20, 32, 36) .
Although it has not yet been possible to demonstrate coupling factor activity in the system from D. gigas, the properties of the DNP-stimulated ATPase associated with the particulate fraction are qualitatively similar to those of other ATPase activities associated with oxidative phosphorylation. It possesses no unique properties except for its stimulation by DNP, which is uncommon in bacterial systems capable of respiratory chain phosphorylation. The presence of this ATPase in preparations from D. gigas is consistent with the presence of an oxidative phosphorylation system in this strictly anaerobic bacterium and indicates that the production of highenergy phosphate probably proceeds through energy-transfer steps analogous to those in other systems capable of catalyzing oxidative phosphorylation or photophosphorylation. 
